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lowa Thickness Design Guide for Low
Volume Roads Using Reclaimed Hydrated

Class C Fly Ash Bases

KENNETH L. BERGEsSON AND ANDREW G. BARNES

This paper is intended to provide flexible pavement thickness design
parameters and a design method for low volume roads and streets uti-
lizing lowa reclaimed hydrated Class C fly ashes as artificial aggre-
gates for a base material. AASHTO design guidelines are presented
for using these materials untreated, or if higher strengths are needed,
stabilized with raw fly ash or hydrated lime. Hydrated Class C fly
ashes in lowa are produced at sluice pond disposal sites at generating
stations burning western sub-bituminous coals. They may be formed
by dozing raw ash into the sluice pond where it hydrates to form a
cementitious mass or they may be constructed as an engineered fill
(above the sluice pond level) by placing the raw ash in lifts, followed
by watering, compaction and subsequent hydration. The hydrated ash
is typically mined by using conventional recycling-reclaiming equip-
ment to pulverize the material where it is stockpiled on-site for use as
an artificial aggregate. Research has been conducted on these materi-
als, on an on-going basis, under the lowa Fly Ash Affiliate Research
Program since 1991. Test roads have been constructed using reclaimed
fly ash as an aggregate base in Marshalltown (1994) and near Ottumwa
(1995). They have been, and are, performing well. Based on extensive
laboratory testing, this paper presents layer coefficients for reclaimed
hydrated Class C fly ash bases for use in AASHTO thickness design
for low volume roads and streets. Key words: fly ash, hydrated fly ash,
bases, AASHTO design, layer coefficients.

OBJECTIVE

This guide is intended to provide flexible pavement thickness de-

placing the raw ash in lifts, followed by watering, compaction and
subsequent hydration.

The hydrated ash is typically mined by using conventional recy-
cling-reclaiming equipment to pulverize the material where it is
stockpiled on-site for use as an artificial aggregate.

Research has been conducted on these materials, on an on-go-
ing basis, under the lowa Fly Ash Affiliate Research Program since
1991 (,2). Test roads have been constructed using reclaimed fly
ash as an aggregate base in Marshalltown (1994) and near Ottumwa
(1995). They have been, and are, performing very ®gl).(

PAVEMENT THICKNESS DESIGN BY AASHTO
METHODS

The following formula controls selection of layer thicknesses in
the low volume AASHTO design methas) (

Equation (1):

SN =3D, +aD, +ap,

where

SN = Structural Number

a,a,a,= layer coefficients representative of surface, base, and
subbase courses, respectively

D..D,.D, = actual thicknesses (in inches) of surface, base, and
subbase courses, respectively

The AASHTO Design Guide also provides correlations from

sign parameters and a design method for low volume roads an¢®mmon laboratory tests such as the California Bearing Ratio (CBR)
streets utilizing lowa reclaimed hydrated Class C fly ashes as artj-2nd Unconfined Compressive Strength (UCS) to layer coefficients.
ficial aggregates for a base material. Design guidelines are pre_C)nce a layer coefficient is selected for each layer, pavement layer
sented for using these materials untreated, or if higher strengths arlickness may be determined from the SN equation. There is no
needed stabilized with raw fly ash or hydrated lime. The completeUnique solution, therefore, the one which is the most economical

report containing all of the data used in development of this guideShould prevail. _ _ S
is available on request?). The AASHTO Design Guide also suggests a simplified proce-

dure for the design of low-volume roads. The simplified variables
for this design procedure are basically the same as in the standard
design:

® U.S. Climatic Regions

Hydrated Class C fly ashes in lowa are produced at sluice pond. Rela_tlve Quality of Subgrade Soil
® Traffic Level

disposal sites at generating stations burning western sub-bitumi- S

. . ._® Inherent Reliability
nous coals. They may be formed by dozing raw ash into the sluice
pond where it hydrates to form a cementitious mass or they may be

constructed as an engineered fill (above the sluice pond level) by
CORRELATION OF STANDARD TESTING AND

MATERIAL TYPE TO LAYER COEFFICIENT

BACKGROUND

There is limited information on the correlation of standard testing

Department of Civil and Construction Engineering, lowa State University, o - . ;
results to layer coefficients for flexible pavement design. This sec-

Ames, lowa 50011.
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TABLE 1 Correlations of Standard Tests to Layer Coefficients (a) TABLE 2 Layer Coefficients for Pozzolanic Bases from Morris,
from the AASHTO Design Guide 1989
a CBR, % Unconfined Compressive Strength, psi Thickness of Pozzolanic Base, inches
Design Strength, psi 6 7 8 9 10 12
0.10 25 a0
0.11 35 100 600-800 .20 22 .24 .26 .28 .34
0.12 40 175 800-1100 .23 26 .29 .32 .35 41
0.13 70 225 1100-1500 .28 .32 .35 .38 41 A4
0.14 100 300 1500 & above .32 .36 .40 A4 44 A4
0.15 - 390
0.16 - 425
0.17 - 500
0.18 - 575
0.19 - 610
0.20 - 675 TABLE 3 Typical CBR Values for Different Materials
0.21 - 750
0.22 N 800 Description of Material CBR, %
Well-graded crushed aggregates 100
Well-graded natural gravels 80
Gravelly sands (predominately sand) 20-50
Silty or clayey sands 10-40
Fine clean sands 10-20
tion will summarize suggested layer coefficients based on UCS, GW: gravel or sandy gravel 60-80
CBR, and material description. Surface, base, and subbase la ¢P: gravel or sandy gravel 35-60
’ p : ! ! YeEMm: silty gravel or silty, sandy gravel 40-80

coefficients g a,, and g are all measured on the same scale, so in GC: clayey gravel or sandy, clayey gravel ~ 20-40

the following discussion any layer coefficient will be designated a SW: sand or gravelly sand 20-50

The AASHTO Guide For Design of Pavement Struc(Gjes- SP: sand or gravelly sand 10-25
fers a fairly comprehensive correlation between CBR arfdra SM: silty sand 20-40
C: clayey sand 10-20

granular layers, and between unconfined compressive strength ang - jean clays, sandy clays, gravelly clays 5-15

a for cement treated layers. The CBR correlation, derived from ML: silts, sandy silts 5-15
work in lllinois, is non-linear and does not account for CBR values OL: organic silts, lean organic clays 4-8
in excess of 100. The correlation for UCS, from work in lllinois, CH: fat clays 35

Louisiana, and Texas, is approximately linear. The UCS is typi-
cally used in assigning layer coefficients where CBR values are in
excess of 100 percent. Table 1 summarizes AASHTO correlations.
The National Asphalt Paving Association publisie@uide to
Thickness Equivalencies For the Design of Asphalt Paverments
1984. They determined and suggested layer equivalencies based
on the AASHTO Road Test results and AASHTO committee judg-
ment ). The unique quality of their assignations is that they are
relative values, with no specific layer coefficient given. Table 5
shown on Figure 5 shows the coefficients resulting from the as-DEVELOPMENT OF LAYER COEFFICIENTS FOR
sumption that the coefficient for dense graded crushed stone is 0.14RECLAIMED FLY ASH
The most interesting approach to the assignment of layer coeffi-
cients for pozzolanic pavements was presented in a paper by Walteln order to develop layer coefficients for reclaimed fly ash, CBR
Morris (7) Morris’ paper focused on the fact that pozzo|anic and tests were utilized in conjunction with UCS tests. Tests were con-
cement treated bases were not really considered in the AASHTOducted on untreated reclaimed ash and reclaimed ashes activated
Road Test. Morris then cites the finding by the Pennsylvania DOT With raw fly ash and hydrated lim&1).
that structural coefficients change with layer thickness. Layer co-
efficients of semi-rigid to rigid bases increase as the layer thick-
ness increases. He then presents a correlation of UCS to layer caZalifornia Bearing Ratio
efficient for differing thicknesses of pozzolanic base as shown on
Table 2. The CBR was developed by the California Highway Department,
Fly ashes are pozzolanic materials and Class C fly ashes arand is one of the leading flexible pavement design procedures in
both self-cementitious and pozzolanic. The reclaimed hydratedthe world ). It can be conducted in the laboratory, or on field
Class C ashes although hydrated and hard still contain an abunsamples, and although it is most appropriate for fine-grained soils,
dance of unreacted pozzolanic materials. When used untreated anidlis also used to characterize aggregates for road base applications.
compacted into a base layer they slowly develop strength over timeThe CBR test is most effectively used in the case where layers of
due to continued pozzolanic reactions. The addition of a calciumthe pavement increase in strength from the subgrade to the surface
source to the reclaimed hydrated ashes serves to activate additiong®). It is important to realize that while CBR gives an index of
pozzolanic reactions and results in dramatic increases in strengthstrength, it is not a strength measurement. Table 3 is condensed
Development of layer coefficients for design considers this in ad- from Rollings and Rollings8), and gives some typical CBR val-
dition to adjustments of coefficients based on Morris’ work. ues.
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TABLE 4 Range of specific gravity and absorption for reclaimed fly ash materials

Bulk Specific Gravity of Coarse Material (+#4) Bulk Specific Gravity of Fine Material (-#4) Absorption of Coarse Material (%)

1.45-1.53 1.99-2.26 24 - 37

Care should be taken in the assignment of a CBR value to a 10000
highly cemented granular material, as strain induced by traffic may %000
break the cementitious bond®.(Factors affecting CBR value in- s000
clude maximum aggregate size, gradation, aggregate shape and tex-
ture, and plasticity. The American Society for Testing and Materi- £
als (ASTM) Standard Test Method ASTM D1883 for CBR suggests § o
that materials containing a substantial fraction larger than the #4 § **
sieve will yield more variable resultq@). ;5 4000

20.00 —e—Council Bluffs C-Stone

Unconfined Compressive Strength o Eg..:{i'im
The UCS has long been used to evaluate the strength of soils and Porr 0.100 1000 10000 100000

Sieve Size, mm.

stabilized materials.

FIGURE 1 Particle size distribution of reclaimed fly ashes.
MATERIALS

For development of this guide the following material sources were
used.
Reclaimed hydrated Class C fly ashes were obtained during 1995

and 1996 from the following generating stations: Ottumwa, Port

Neal 3, Prairie Creek, and Council Bluffs. Raw fly ash used to

activate the reclaimed ashes were obtained from the respective gen-

erating stations during 1996 and 1997. UCS and CBR tests werespecific Gravity and Absorption

conducted using 10, 15 and 20 percent raw ash. Little additional

benefit was obtained from reclaimed ash activated with 15 percentSpecific gravity and absorption of the coarse fraction of the re-

and 20 percent raw ash. Reagent grade hydrated lime was alsglaimed ash was conducted according to ASTM C127, Standard

used as an activating agent. Cement kiln dust (CKD) and Atmo- Test Method for Specific Gravity and Absorption of Coarse Aggre-

spheric Fluidized Combustion Residue (AFBC) have also been usedyate. The specific gravity of the fine fraction (material passing the

as activating agents. Chemical composition and test data are in#4 sieve) was determined by the lowa State Materials Analysis and

cluded in reference 11. Research Laboratory (MARL) using a helium pycnometer. The
range of results of the specific gravity testing are shown in Table 4.
The specific gravity of the materials is in the range of a lightweight

RECLAIMED FLY ASH ENGINEERING PROPERTIES aggregate. The high porosity is evidenced by the high absorption
values.

Particle Size Distribution
Moisture/Density Relationships

The reclaimed ash stockpile typically contains 10 to 15 percent
plus 3/4 inch material. This material is crushed to pass the 3/4 inchMoisture/Density relationship of the reclaimed fly ash was deter-
sieve and reincorporated into the sample prior to testing. The re-mined according to ASTM D698, Test Method for Laboratory Com-
sults of particle size analysis conducted according to ASTM C136 paction Characteristics of Soil Using Standard Effort. Tests were
is shown on Figure 1. conducted using molds 6 inches in diameter by 4.584 inches high.

Figure 1 shows that all the reclaimed ashes are reasonably welSpecimens were formed in three equal layers, with each layer be-
graded. The Council Bluffs and Neal 3 material have nearly iden- ing compacted with 56 blows from a 5.5 pound hammer dropped
tical gradation, and are the coarsest of the four, with about 15 pertwelve inches. Specimens were weighed to the nearest gram, and a
cent passing the #200 sieve. The Ottumwa material is the finestmoisture sample was taken from each. One curve was developed
with about 25 percent passing the #200 sieve. The Prairie CreeKor each combination of reclaimed fly ash and additive. All addi-
material falls halfway between the others, at about 20 percent passtive levels are based on the oven dry weight of reclaimed fly ash.
ing the #200 sieve. These results are typical of numerous otherTable 5 summarizes the range of moisture/density relationship for
samples that have been tested under previous Affiliate resé#ch ( all the materials tested.
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TABLE 5 Range of ASTM D698 Test Results for Reclaimed Fly Ash

180

Materials 3
= 160 T
Material Optimum Maximum g 1401
Moisture (%) Dry Density B 1207
(pcf) % 100+
S 80T
Untreated 27 - 37 79 - 88 g w4 G
Raw Fly Ash, activated 10% 26 - 38 75-91 5 ol e
Lime, activated 2-1/2% 27-39 77 - 87 | —e—C s
0 t +
0 7 28 56
Age, days
FIGURE 3 10% Raw fly ash activated reclaimed ash strength
100 | gain.
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FIGURE 2 Untreated reclaimed ash strength gain. S 0t
£
§ 200 1
100 4
0 +
0 7 28 56

Strength Development Characteristics Age, day:

FIGURE 4 2-1/2% Lime activated reclaimed ash strength gain.

Untreated reclaimed ash - laboratory results

When moistened and compacted, untreated reclaimed fly ash ma-

terials gain strength as a function over time due to pozzolanic reac-

tions. Figure 2 illustrates this for the 4 reclaimed ashes used in this

study. As long as water is available it is believed that this poz-

zolanic strength development continues to occur over a long pe-DES'GN PARAMETERS
riod of time (years) and the material is believed to be able to heal
itself following crack development (autogenous healing). Untreated
ash bases perform primarily as a flexible base. Range of Test Results

Numerous CBR and UCS tests were conducted on untreated and sta-

Calcium activated reclaimed ash - laboratory results bilized materials used in the development of this guide.

The addition of an external source of calcium to the reclaimed ash

during base construction can dramatically in-crease strength delayer Coefficients

velopment. The calcium activates additional pozzolanic reactions

among the aggregate partides thereby Cementing them togetheﬂ-he coefficients for a 6 inch base have been deVelOped Using 7 day

Strength gains can be dramatic and are long-term. Figure 3 illus<CBR values in the cases where the CBR is less than 100 percent and

trates strength gain characteristics of 10% raw fly ash activatedusing UCS values at 56 days of age in the cases where the CBR's were

reclaimed ash. Fly ash activation transforms the material into ain excess of 100 percent. The coefficients have then been modified

semi-flexible base. for greater base thicknesses using Morris’s data for pozzolanic bases.
Figure 4 illustrates strength gain characteristics of 2-1/2 % hy- Based on the testing data the suggested layer coefficients for use in

drated lime activators and shows the strong increase in strengttpreliminary design are given in Table 6 shown on Figure 5 as a func-

being developed from pozzolanic activity. Lime activation trans- tion of base thickness. These coefficients are believed to be conserva-

forms the material into a semi-rigid base for heavy load applica-tive. Testing should be conducted on project specific materials to con-
tions. firm or increase the design coefficients.
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DESGN M ETHODOLOGY
The AASHTO method suggested for low volume pavement thickness design using r eclaimed fly ash follows.

SUBGRADE RATING

Deter mine the aver age quality of the proj ect subgr ade soil from Table 1.
Table 1. Subgr ade soil quality.

Ral)lng M odulus of Subgr ade Reaction (k, pci)  CBR Value
%

Very Good Greater than 550 pci > 55
Good

400 to 550 pci 40- 55
Fair 250 to 350 pei 20-35
Poor 150 to 250 pei 6-20
Very Poor Lessthan 150 pci <6

TRAFFIC LEVEL
From estimated tr affic proj ections deter mine the tr affic level anticipated from Table 2.

Table 2. Traffic levelsfor the low-volume design method.

Traffic Level ESAL's

High 700,000 to 1,000,000
Medium 400,000 to 600,000
Low 50,000 to 300,000

SrRUCTURAL NUMBER (SN)
Estimate the structur al number from Table 3.

Table 3 ranges of Structural Number (SN) flexible pavement design catalog for low-volume r oads.
Relative Quality 75% Level of Inherent
of Subgr ade Soil Traffic Level Reliability (SN)

Very Good High 30-32
Medium 27-30
Low 20-26
Good High 33-34
Medium 30-32
Low 22-28
Fair High 34-35
Medium 27-33
Low 23-29
Poor High 37-30
Medium 34-36
Low 25-32
Very Poor High 38-40
Medium 35-37
Low 26-33

MiNIMUM THICKNESS
Establish the minimum thicknesses of the asphalt sur face cour se and base from Table 4.

Table 4. Recommended minimum pavement layer thicknesses (inches).
Traffic, ESAL's Asphalt Concr ete Aggr egate Base

Lessthan 50,000 1.0 (or surface treatment) 4

50,001 - 150,000 20 4

150,001 - 500,000 25 4

500,001 - 2,000,000 30 6

2,000,001 - 7,000,000 35 6

Greater than 7,000,000 40 6
SuseAsE

The need for a subbase should be determined by the designing engineer based on the quality of the subgrade soil.
If the subgrade is o soft that stabilization (lime, fly ash, cement) R be on the stabilized soil
and the subgrade soil quality then determined from Table 1, before proceedlng with the design.

RECLAIMED AsH BasE
Deter mine sour ce and type available (described under layer coefficients).

AYER COEFFICIENTS
Assign layer coefficients
O HMA surface Course.....................(@) - Table 5
o Ay Ash Base (a,) - Table 6

able 5. Layer coefficients (a ) derived from thickness equivalencies,
developed by National Asphalt Pavement Asocnatlon 1984.

ayer Equlvajeﬂcy a
HM A sur face, binder , leveling and base cour ses
ixes containing crushed coarse aggvegale 3.00 0.42
g uncrushed coarse aggregate 275 0.39
Jnixes containing no coarse aggregate (sand as)hail) 250 035
Cement-tr eated base cour ses
50 psi compressive strength or more 150 0.21
10500 psi compressive strength 125 018
than 400 psi compressive strength 1.00 0.14
Other base cour ses
rtland cement concrete 3.00 042
intreated dense-graded crushed aggregate 1.00 014
me/fly ash treated, plant mix 1.00 0.14
me/fly ash treated, road mix 0.75 011
boil cement 0.75 011
rusher run aggregate 0.75 011
Subbases
ravel 050 0.07
fand 0.50 0.07

able6. Suggested layer coefficientsfor reclaimed fly ash basesfor
preliminary design as a function of thickness.

. Base Thickness= 6 inches

Sour ce Untr eated 10% Raw Fly Ash  2-12% Lime
Ottumwa 0.12 0.13 0.14
Neal 3 013 014 0.15
Prairie Creek 013 0.14 017
Council Bluffs 0.13 0.14 0.19
. Base Thickness = 8 inches
Sour ce Untreated  10% Raw Fly Ash  2-1/2% Lime
Ottumwa 0.14 0.15 0.16
Neal 3 0.14 0.16 0.17
Prairie Creek 0.15 0.16 019
Council Bluffs 015 0.16 0.21
. Base Thickness = 10 inches’
Sour ce Untreated  10% Raw Fly Ash — 2-1/2% Lime
Ottumwa 0.16 017 0.18
Neal 3 017 0.18 0.19
Prairie Creek 0.17 0.18 0.21
Council Bluffs 0.17 0.18 0.23
p. Base Thickness = 12 inches
Sour ce Untreated  10% Raw Fly Ash — 2-1/2% Lime
Ottumwa 0.18 0.19 0.20
Neal 3 019 0.20 021
Prairie Creek 0.19 020 023
Council Bluffs 0.19 0.20 0.25

ESGN PROCESS

The design processfor reclaimed ash basesistrial and error. A design thicknessis assumed to esabllsh a Iayer coe"lc\ent A
lesign thicknessisthen calculated. If they agree within + 1 inch, the design y. If not a new i d a
lesign thickness recalculated.

ALCULATIONS
Using the SN and layer coefficients determine the various|layer thicknessin inches (D, ,D, ,D;) fromthe AASHTO equation:

N=aD, +aD,
When assigning layer lﬁickne&s economics and minimum layer thicknesses should be considered.
OWA FLY AsH AFFILIATE RESEARCH PROGRAM - |OWA STATE UNIVERSTY

Kenneth L. Bergeson P.E., Program Director - 515-294-9470
Thickness Design Report | SU-ERI-Ames Report 98401 , January 1998

FIGURE 5 Pavement thickness design guide using reclaimed fly
ash.
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Design Methodology

The AASHTO method suggested for low volume pavement thick-
ness design using reclaimed fly ash is shown on Figure 5.

DESIGN COMMENTS

The layer coefficients assigned to the reclaimed fly ash are believed
to be conservative considering their long term strength gain prop-
erties, so if the designing engineer has other experience on similar
materials, a less conservative correlation, may be considered. It
should be noted that bases with a high unconfined compressive
strength (>800 psi) are considered as rigid bases and may contrib-
ute to reflective cracking in the asphalt surface laQer (

The need for a subbase should be determined by the designing
engineer based on the quality of the subgrade soil.

If the subgrade is so soft that stabilization (lime, fly ash, ce-
ment) is required, CBR tests should be conducted on the stabilized
soil and the subgrade soil quality then determined from Table 1
shown on Figure 5 before proceeding with the design.

Determination of layer coefficients for similar base materials
not included in this study may be made through simple laboratory
testing, as described in the following steps.

a. If the material is not to be stabilized, or if its design unconfined
compressive strength is expected to be less than 300 psi, deter-
mine the CBR value and select a layer coefficient from Table 1,
page 3.

b. If the material is stabilized with lime or similar activator (ex-
pected strength greater than 300 psi) determine the 28 day un-
confined compressive strength and select a layer coefficient from
Table 1.

c. If the material is stabilized with Portland cement (expected
strength greater than 300 psi) determine the 7 day unconfined
compressive strength and select a layer coefficient from Table 1.
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